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Methods for inhibiting intimal hyperplasia in the vasculature of mammals, including primates, are disclosed. The methods comprise 
ooOTdinately administering to the mammal a PDGF antagonist and heparin. The antagonist can be a non-peptidic antagonist or an and- 
PDGF receptor antibody, such as an anti-PDGF-alpha receptor antibody or an anti-PDGF-beta receptor antibody. The methods are useful 
m reducing intimal hyperplasia due to, for example, vascular injuries resulting from angioplasty, endarterectomy, reduction atherectomy or 
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Description 

TO^mON FOR INHIBITING INTIMAL HYPERPLASIA USING PDGF ANTAGONISTS AND 

5 

This invention was made with government support 
under grant number NIH HL 30946 awarded by the National 
Institutes of Health. The government has certain rights 
10 in the invention. 

Teehniem T\9l3 

The present invention relates to methods for 
inhibiting intimal hyperplasia, including restenosis, in a 
15 mammal following vascular injury, and to compositions 
useful within those methods. 

Background of the Tn Wfr ti?n 

Proliferation of smooth muscle cells (SMCs) in 
the vessel wall is an important event in the formation of 
vascular lesions in atherosclerosis, after vascular 
reconstruction or in response to other vascular injury. 
For example, treatment of atherosclerosis frequently 
includes the clearing of blocked vessels by angioplasty, 
endarterectomy or reduction atherectomy, or by bypass 
grafting, surgical procedures in which atherosclerotic 
plagues are compressed or removed through catheterization 
(angioplasty), stripped away from the arterial wall 
through an incision (endarterectomy) or bypassed with 
30 natural or synthetic grafts. These procedures remove the 
vascular endothelium, disturb the underlying intimal 
layer, and result in the death of medial SMCs. This 
injury is followed by medial SMC proliferation and 
migration into the intima, accompanied by excessive 
35 deposition of extracellular matrix. This lesion 

development characteristically occurs within the first few 
weeks and up to six months after injury and stops when the 
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balloon injury but may regulate SMC migration into the 
intima. Platelets are nov known to release a number of 
growth factors, including pdgf, epidermal growth factor 
(EGF), transforming growth factors alpha and beta (TGFa 
5 and TGF£), insulin-like growth factor I (IGF-I) and 
platelet derived endothelial cell growth factor, as well 
as several chemoattractant molecules. Although certain 
studies implicate PDGF in processes associated with lesion 
development, no studies have shown the participation of 
10 pdgf in these processes in primates. 

Removal of atherosclerotic plagues by 
angioplasty or endarterectomy has limited efficacy, and no 
effective treatment for restenosis of treated vessels or 
stenosis of bypass grafts has been developed. There is 
15 therefore a need in the art for methods of reducing or 
preventing the development of SMC-rich lesions in vascular 
walls, including stenosis of blood vessels following 
vascular injury, such as injury due to balloon 
catheterization, endarterectomy or reduction atherectomy, 
20 as well as in vascular grafts, organ transplants and 
catheter emplacements. The present invention provides 
such methods and fulfills other, related needs. 

Disclosure of the Tn V ^j ffn 

25 Present invention provides methods and 

compositions for inhibiting intimal hyperplasia in the 
vasculature of a mammal, particularly a primate. Examples 
of intimal hyperplasia include restenosis following 
angioplasty, endarterectomy or other procedures whereby 
atherosclerotic plaques are removed from blood vessels. 
The methods of the invention generally comprise 
administering to a mammal an effective amount of an anti- 
growth factor receptor antibody to inhibit intimal 
hyperplasia. Suitable anti-growth factor receptor 

antibodies include antibodies to fibroblast growth factor 
(FGF) receptors, transforming growth factor beta (TGF-0) 
receptors, insulin-like growth factor I (igf-I) receptors, 
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Within another aspect of the invention, intimal 
hyperplasia in the vasculature of a mammal is inhibited by 
coordinately administering to the mammal a PDGF antagonist 
and heparin in respective amounts of antibody and heparin 
5 sufficient to combinatorially inhibit the hyperplasia. 
The antagonist and heparin are administered concurrently 
or, alternatively, sequentially with either the antagonist 
or heparin administered first, and the nonadministered 
remainder of the antagonist and heparin administered 
10 within an effective time period thereafter. Within one 
embodiment, the PDGF antagonist is a non-peptidic pdgf 
antagonist. Within another embodiment, the PDGF 

antagonist is an anti-growth factor receptor antibody, 
such as an anti-PDGF receptor antibody, 
15 Within related embodiments, the coordinately 

administered antibody or other PDGF antagonist and heparin 
combinatorially inhibit one or more of the intimal 
hyperplastic processes of vascular smooth muscle cell 
proliferation, vascular smooth muscle cell migration, 
20 and/or neointimal deposition of extracellular matrix! 
Within further embodiments, the antibody is either an 
anti-PDGF-alpha receptor antibody, an anti-PDGF-beta 
receptor antibody, or a panel of anti-PDGF receptor 
antibodies. Within additional embodiments, the antibody 
25 or other PDGF antagonist inhibits a receptor function of 
the. growth factor receptor, such as binding of the 
receptor to a receptor ligand, or dimerization of the 
growth factor receptor. Within other embodiments, an 
anti-PDGF antibody or other PDGF antagonist is 
30 administered which inhibits binding of one or more of the 
AA, AB and BB isoforms of PDGF to PDGF receptors. Within 
other embodiments, the heparin comprises a heparan sulfate 
or a low molecular weight heparin characterized by having 
a reduced ant i- thrombotic activity. 
35 Within other aspects of the invention, an anti- 

PDGF receptor antibody or other PDGF .antagonist and 
heparin are coordinately administered to a mammal 
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These and other aspects of the invention will 
become evident upon reference to the following detailed 
description and the attached drawings. 

5 Brief Description of the m-^j^gp 

Figure l illustrates the binding of anti-PDGF 
receptor monoclonal antibodies to cells that express 
recombinant PDGF-beta receptor i Results are expressed as 
mean cpm bound of 125 I _ rabbit anti-mouse igG for 
10 triplicate determinations. The bars indicate standard 
deviation. 

Figure 2 illustrates the binding of anti-PDGF 
receptor monoclonal antibodies to cells that express 
recombinant PDGF-alpha receptor. Results are expressed as 
15 mean cpm bound of 125!. rabbit . anti-mouse IgG for 
triplicate determinations. The bars indicate standard 
deviation. 

Figures 3A-3C illustrate the inhibition of PDGF 
mitogenic activity on human dermal fibroblasts by anti- 
20 PDGF receptor monoclonal antibodies. The results are 
presented as the mean level of [3 H ]thymidine incorporation 
for each of the PDGF ligand test conditions. standard 
deviation is shown by the T at the top of each bar. Each 
panel also shows a standard curve for PDGF ligand alone. 
A) PDGF— AA stimulation, B) PDGF— AB stimulation, C) PDGF— BB 
stimulation. 

Figure 4 illustrates the inhibition of PDGF-AA 
mitogenic activity on baboon smooth muscle cells by anti- 
PDGF receptor monoclonal antibodies. A standard curve for 
30 ligand alone is shown on the left. Results are presented 
as the mean level of [3 H ] thymidine incorporation. 
Standard deviation is shown by the T at the top of each 
bar. 

Figure 5 illustrates the inhibition of pdgf-ab 
35 mitogenic activity on baboon smooth muscle cells by anti- 
PDGF receptor monoclonal antibodies. a standard curve for 
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the production (deposition) of extracellular matrix. see, 
in general, (Harker, An. j. , £d.: 2 ob-28B, 1987,' 

DeFeudis, Drug New* and P^ wp >^ lYffr i 992 ). This 

proliferative process is also manifested in the occlusion 
5 of vascular grafts (both natural, including autologous and 
allogeneic, and synthetic), and in transplanted organs. 
This proliferative process results in the development of 
lesions rich in smooth muscle cells and is refered to 
herein as intimal hyperplasia. 
10 present invention provides methods for 

inhibiting the development of SMC-rich lesions through the 
use of antibodies against growth factor receptors, 
preferably PDGF receptors, and through the use of other 
PDGF antagonists, particularly non-peptidic pdgf 
15 antagonists. The term -non-peptidic" refers to compounds 
other than proteins or other peptide-bonded multimers. 
Such lesions result in the partial or complete blocking of 
a blood vessel through intimal thickening (hyperplasia). 
Inhibition of intimal hyperplasia will be understood to 
20 include interfering with the proliferative process by 
reducing or preventing one or more hyperplastic processes, 
including cell migration, cell proliferation, and 
extracellular matrix formation. By blocking proliferation 
and/or migration through interfering with the interaction 
25 of PDGF and its receptors, SMC proliferation and 
subsequent matrix deposition may be reduced. A reduction 
in intimal hyperplasia is clinically manifested as a 
significant decrease in loss of lumenal volume after an 
acute vascular injury. Such a reduction will generally 
30 result in a decreased need for re-vascularization 
procedures (e.g., repeat angioplasty) at the site of the 
initial injury. 

The methods of the present invention are 
particularly useful in the treatment of intimal 
35 hyperplasia due to acute vascular injury. Acute vascular 
injuries are those which occur rapidly (i.e. over days to 
months), in contrast to chronic vascular injuries (e.g. 
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sufficient to cause an immune response. It is preferred 
to administer the growth factor receptor in combination 
with an adjuvant, such as Freund's adjuvant, in order to 
enhance the immune response. Although a single injection 
5 of antigen may be sufficient to induce antibody production 
in the animal, it is generally preferred to administer a 
large initial injection followed by one or more booster 
injections over a period of several weeks to several 
months. See, e.g., Hurrell, J.G.R., ed., Monoclonal 
10 HVbr i flgmfl Ant j frpti 1 eft? — Techniques and A»r> Ti ea1 H ftTtg crc 
Press inc., Boca Raton, FL, 1982, which is incorporated 
herein by reference. Blood is then collected from the 
animal and clotted, and antibodies are isolated from the 
serum using conventional techniques such as salt 
15 precipitation, ion exchange chromatography, affinity 
chromatography or high performance liquid chromatography. 

Within one embodiment of the invention, 
monoclonal antibodies are used. Monoclonal antibodies 
provide the advantages of ease of production and lower 
20 therapeutic doses as compared to polyclonal antisera, 
since only antibodies of the desired specificity are used. 
Methods for producing monoclonal antibodies are well known 
in the art and are disclosed, for example, by Kohler and 
Milstein (Haines 2Sfi: 495, 1975; Eur. J. T^„» 7l , £ . 511 . 
25 519, 1976). See also Hurrell, J.G.R. , ed. , Monoclonal 
Hyfrrifloma AnUfroqiep; Techniques and A p plication* crc 
Press Inc., Boca Raton, FL, 1982 and Hart, U.S. Patent No. 
5,094,941. As will be appreciated by those skilled in the 
art, antibody fragments, such as Fab fragments, may also 
30 be used. 

It is generally preferred to use antibodies that 
are syngenesious with the patient or that contain 
syngenesious constant regions. For this reason, 

genetically engineered antibodies that contain human 
35 framework structures will generally be used in the 
treatment of humans. Methods for producing recombinant 
human antibodies or humanized non-human (i.e. chimeric) 
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4917-4921, 1989) and "beta receptor" (Claesson-Welsh et 
al -» Mol. Cell. Biol. 3476-3486, 1988; Gronwald et al., 
Proc. Natl. Acad. sci. psa g^z 3435-3439, 1988). in the 
presence of PDGF llgand, the receptor polypeptides 
5 diner ize. Three receptor subtypes are thus possible: aa, 
a0 and 00. The 0 receptor is specific for the B-chain of 
PDGF, while the a receptor binds the A-chain and the B- 
chain. Consequently, the growth regulatory responsiveness 
of cells to PDGF depends not only on the availability of 
10 PDGF AA, AB and BB ligand isoforms, but also on the 
expression and availability of different PDGF receptor 
subtypes (Heldin et al., Cell Remii. lz 555-566, 1990). 
Human smooth muscle cells express both et and 0 receptor 
subtypes (Heldin et al.. Cell Reoul. i: 555-566, 1990), 
15 but other cell types are known which express only a single 
receptor subtype (Gronwald et al., J. Bid fifagnj 2&A'. 
8120-8125, 1989). 

The anti-PDGF receptor antibodies used within 
the present invention will preferably be a panel of 
20 antibodies capable of inhibiting all three PDGF receptor 
isoforms (oa, 00 and a0) . As used herein, the term "panel" 
denotes a combination of two or more antibodies having 
different specificities. The antibodies may be specific 
for different antigens or for different epitopes on a 
25 single antigen. Monoclonal antibodies (MAbs) are 

preferred. 

As noted above, antibodies used within the 
present invention interfere with the interaction of PDGF 
and its receptors. In preferred embodiments of the 

30 invention, anti-PDGF receptor antibodies are employed 
which inhibit binding of a PDGF ligand to a PDGF receptor, 
although those skilled in the art will recognize that the 
advantages of the invention can also be realized using 
antibodies that inhibit other receptor- ligand 

35 interactions, such as receptor dimerization. 

Anti-receptor monoclonal antibodies may also be 
used as targeting agents for the delivery of compounds of 
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doses are calculated as described below, taking into 
consideration affinity and specific activity. 

An "antihyperplastically effective amount" of an 
anti-PDGF receptor antibody or other PDGP antagonist is 
5 defined as an amount sufficient to measurably reduce or 
prevent intimal hyperplasia in a blood vessel, vessel 
graft or vascular component of a transplanted organ. More 
specifically, "inhibition of intimal hyperplasia" is 
herein defined to include any measurable inhibition of one 
10 or more of the intimal hyperplastic processes described in 
the art as vascular smooth muscle cell (VSMC) migration, 
VSMC proliferation, and neointimal deposition of 
extracellular matrix. In this context, reduction or 
prevention of intimal hyperplasia, or of a hyperplastic 
15 process involved in intimal hyperplasia, can be readily 
evaluated using in vitro, in vivo and ex vivo assay 
systems known in the art, in particular primate-based 
assay systems (e.g., non-human or human primate VSMC 
cultures or vascular tissue explants, or non-human primate 
20 in vivo tests). in interpreting in vitro dosage data, it 
will be appreciated that different test cells and tissues 
may express different levels and/ or types of PDGF 
receptors. in addition, cell culture passage number (i.e. 
number of cell generations elapsed following dissociation 
25 or outgrowth of VSMCs from a vascular tissue source) will 
be recognized as potentially having an important impact on 
mitogenic and other growth-related activities observed in 
experimental systems. Similarly, a number of variables 
must be considered in extrapolating in vivo data from non- 
human systems to estimate antihyperplastic effectiveness 
of antibodies in humans. in particular, it is important 
to consider any differences in the nature and severity of 
a blood vessel injury between experimental and clinical 
systems to best utilize model data in determining actual 
35 treatment protocols for humans. Likewise, interspecies 
differences in vascular anatomy and histology, and 
intrinsic differences in the hyperplastic processes 
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angioplasty for the generation of a vascular lesion mimics 
a procedure that is commmonly used to re-establish blood 
flow in stenosed coronary arteries and which leads to 
restenosis in 30-40% of treated individuals. This model 
is therefore particularly well suited for testing the use 
of anti-PDGF receptor antibodies or other PDGF 
antagonists , alone or in conjunction with heparin. 

Another suitable model for testing the efficacy 
of PDGF antagonist therapy is a baboon model of carotid 
endarterectomy. In this model an acute injury is made to 
the medial area of the artery, which subsequently leads to 
the development of an intimal lesion (Hanson et al. , 
Hypertension ifi:I170-H76, 1991) . This model mimics the 
use of carotid endarterectomy to open carotid arteries in 
humans that have decreased blood flow due to advanced 
atherosclerosis. A third model for testing the use of 
PDGF antagonist therapy is a baboon vascular graft 
emplacement model. It has been demonstrated that the 
placement of vascular grafts leads to the generation of 
hyperplastic lesions at the site of the graft (Kraiss et 
•l-» Jt C l int TnVfPt . 22:338-348, 1993). These lesions 
have characteristics similar to those of hyperplastic 
lesions in humans at sites of vascular injuries. 

To test the efficacy of PDGF antagonist therapy 
25 in humans, various types of analysis can be used. These 
include monitoring for a loss in mean lumenal diameter 
(MLD) by angiography at the 3-6 month period following 
vascular treatment. Alternative methods to monitor 
efficacy include intravascular ultrasound, B-mode 
30 ultrasound and magnetic resonance imaging. Clinical 
correlates can also be used to monitor for efficacy of the 
anti-PDGF receptor antibody treatment. These include a 
decrease in myocardial infarcts and recurent angina, and 
the need for repeat re-vascular ization. 
35 Antibody dosage levels are calculated from 

inhibition data after determining clearance of antibody 
from the blood. In general, dosage is selected with the 
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initial injury. The antibody may be given via multiple 
routes including intravenous, intramuscular or 
subcutaneous injections. in addition the antibody may be 
delivered locally to the site of vascular injury using 
perfusion balloon catheters, coating onto stents, or 
placement on gel coated balloons. in the latter cases it 
would be expected that the doses of antibody would be 
substantially less than that required when given 
systemically. The antibodies may also be delivered by 
slow-release delivery systems, including such systems 
incorporated into vascular grafts or stents, or by way of 
perfusion or double balloon catheters. For inhibition of 
stenosis in vascular grafts, anti-PDGF receptor antibodies 
may be covalently attached to the graft through their 
constant regions or incorporated into the graft in slow- 
release formulations. Pumps and other known delivery 
systems may also be employed. i„ any event# 

admxnistration is designed to provide the desired daily 
dose (e.g., a five-day bolus of 25 mg/kg to provide 5 
20 mg/kg/day). Mode and timing of administration of other 
PDGF antagonists can be determined from chemical and 
Physical properties of the specific antagonist and 
pharmacokinetic data according to accepted principles. 

For use within the present invention, anti-PDGF 
25 receptor antibodies are formulated into injectable 
compositions according to conventional procedures and 
packaged in sterile containers. The antibodies may be 
combined with a suitable diluent such as sterile saline or 
sterile water. The antibody compositions may further 
) contain carriers, stabilizers and excipients such as 
sugars (e.g. mannitol) or albumin. m the alternative, 
the antibodies may be provided in lyophilized form and 
reconstituted in a suitable diluent prior to use. These 
compositions may be packaged in single or multiple dosage 
form, for example in sealed ampoules or vials. Non- 
peptidic PDGF antagonists may be delivered parenterally or 
enterally (e.g., orally). 
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these particular heparin examples, more specific heparin 
subtypes are also known. For example, heparan sulfate 
moieties produced by endothelial cells (Castellot et al., 
Cell, Bfnl , ao.: 372-379, 1981) and smooth muscle cells 
(Fritzs et al., J, Cell, ftlftl. iflo.: 1041-1049, 1985) have 
been isolated which are reportedly up to 40 times more 
active than unfractionated heparin for inhibiting 
proliferation of smooth muscle cells. in addition, among 
the naturally occurring heparin size variants, 
fractionated heparin species that exhibit predominantly 
either anticoagulant or antiproliferative activity have 
been isolated (Wolinsky et all, J. A». cvo i ^ ri11r1 , 15: 
475-481, 1990). The latter activity tends to be present 
in the low molecular weight heparin species, such as 
heparins in the range of penta- to decasaccharides , which 
have been reported to also provide greater bioavailability 
and a longer half-life (Ifl . , Bacher et al., Tin^mh^ 
Bfift. 2fl: 295-306, 1993), and may therefore be particularly 
useful within specific embodiments of the invention. Also 
included within the definition of heparin for the purposes 
of describing the invention are synthetic heparins and 
heparin derivatives, a variety of which have been produced 
using conventional chemical synthetic, modifying and 
degradative techniques (see for example, Roden, L. Ths. 

Pipchem i gtry of glycoprote ins and rrot eeg w~» B (Lennarz, 

W.J., ed.) pp 267-371, Plenum Publishing Corp., New York, 
1980, incorporated herein by reference). The term "low 
molecular weight heparin having reduced antithrombotic 
activity" is used to indicate low molecular weight forms 
having reduced antithrombotic activity (as determined by 
standard assays) compared to unfractionated heparin. 

To determine combinatorially effective doses of 
antibody/antagonist and heparin, and/or to evaluate 
combinatorially effective time periods for separately or 
sequentially administering a PDGF antagonist and heparin 
the same general methods described above for assaying 
antihyperplastic activity of anti-PDGF receptor 



WO 96/20718 



23 



PCT/US95/16683 



10 



35 



level of combinatorial inhibition. m other 

circumstances, the form or dosage of antagonist, or the 
timing or mode of administration of antagonist may be 
imposed by extrinsic circumstances, in which case the 
heparin administration regimen may need to be coordinately 
adjusted. For example, in circumstances where a prolonged 
antibody treatment regimen is desired, lower antibody 
doses, or less immunogenic antibody forms (e.g., 
mouse/human chimeric antibodies) may be used to optimize 
results. in such cases, a coordinate adjustment can be 
made with respect to the type, dose or timing of 
administered heparin to achieve a strong, combinatorial 
antihyperplastic effect. 

Using the coordinate antibody and heparin 
15 administration methods of the invention, dosages of 
antibody or other antagonist and heparin in particular may 
be coordinately varied across a broad range while 
maintaining a high level of combinatorial inhibition of 
intimal hyperplasia. This feature of the invention is 
especially useful for accomodating clinical applications 
where a low dose of one or the other antihyperplastic 
agent (i.e. the antagonist or heparin) is desired, such as 
in cases where dose-limiting toxicities, allergies or 
other complications are present. Within the methods of 
the invention, coordinately administered anti-PDGF 
receptor antibodies and heparin have been found to be 
combinatorially effective in antibody: heparin dose ratios 
(i.e. ratio of unit antibody dose to unit heparin dose, by 
weight) ranging between .001:1 to 1,000:1, and broader, 
in other words, a unit dose of antibody as low as 1/1,000 
of a dose of coordinately administered heparin yields a 
combinatorially inhibitory effect, while antibody doses 
1,000 fold greater than a coordinately administered 
heparin dose also yields a combinatorial effect. This 
generally inverse-proportional co- variability of antibody 
and heparin doses provides extreme flexibility for 
implementing alternative, coordinate administration 
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Antl-PDGF receptor antibodies and heparin are 
preferably administered parenterally, such as by bolus 
injection or infusion (intravenous, intramuscular, 
intraperitoneal or subcutaneous) prior to surgery 
5 (generally within 24 hours before surgery) and optionally 
continuing after surgery at intervals of from several 
hours to several days over the course of one to two weeks 
or more. Within one embodiment, the antibody is 
administered as a bolus injection or infusion on the first 
10 day of treatment in an amount suficient to provide a 
minimum circulating level of antibody throughout the 
intitial, three-day treatment period of between 
approximately 20 fig and 1 mg/kg body weight. In this 
regard, it is preferred to use antibodies having a 
15 circulating half -life of at least 12 hours, preferably at 
least 4 days, more preferably up to 14-21 days. Chimeric 
and humanized antibodies are expected to have circulatory 
half-lives of up to four and up to 14-21 days, 
respectively. in many cases it will be preferable to 
20 administer daily doses during a hospital stay, followed by 
less freguent bolus injections during a period of 
outpatient treatment. The antibodies and heparin may also 
be delivered by slow-release delivery systems, including 
such systems incorporated into vascular grafts or stents, 
25 or by way of perfusion or double balloon catheters. Pumps 
and other known delivery systems may also be employed for 
continuous infusion. Dosing regimens may be varied to 
provide the desired circulating levels of antibody and 
heparin based on the pharmacokinetics of these agents. 
30 Thus, doses will be calculated so that the desired 
circulating levels of therapeutic agents are maintained. 
Daily doses referred to above may be administered as 
larger, less freguent bolus administrations to provide the 
recited dose averaged over the term of administration. 
35 Non-peptidic PDGF antagonists may be administered 
enteral ly. 
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7 demonstrates the inhibition of PDGF mitogenic activity 
on human dermal fibroblasts using anti-PDGF receptor 
monoclonal antibodies. Example 8 demonstrates the 

inhibition of PDGP mitogenic activity on baboon smooth 
5 muscle cells using anti-PDGF receptor monoclonal 
antibodies. Examples 9 and 10 disclose the use of anti- 
PDGF receptor monoclonal antibodies to inhibit baboon 
serum mitogenic activity. Example 11 demonstrates the 
inhibition of baboon aortic smooth muscle cell migration 
10 by anti-PDGF receptor monoclonal antibodies. Example 12 
demonstrates the ability of anti-PDGF receptor MAbs. to 
inhibit PDGF activity up to eight hours after the ligand 
has bound to receptors. Example 13 discloses the 
displacement of receptor-bound PDGF from human 
15 osteosarcoma cells by anti-PDGF receptor MAbs. Example 14 
demonstrates the inhibition of PDGF and baboon serum 
mitogenic activity on vascular smooth muscle cells using 
anti-PDGF receptor monoclonal antibodies administered 
alone or coordinately administered with heparin. Example 
20 15 discloses the use of heparin, alone or coordinately 
administered with anti-PDGF receptor monoclonal 
antibodies, to inhibit serum mitogenic activity on baboon 
vascular smooth muscle cells. Example 16 discloses 
further studies demonstrating inhibition of serum 
25 mitogenic activity on baboon smooth muscle cells using 
anti-PDGF receptor monoclonal antibodies coordinately 
administered with heparin. Examples 17 and 18 disclose 
studies comparing the antimitotic activities of parent 
murine and mouse/human chimeric anti-PDGF-alpha and beta 
30 receptor antibodies coordinately administered with 
heparin. Example 19 further describes the inhibitory 
activity of coordinately administered heparin and anti- 
PDGF receptor antibodies against serum mitogenic activity. 
Example 20 demonstrates the inhibition of smooth muscle 
35 cell outmigration from baboon aortic explants by anti-PDGF 
receptor monoclonal antibodies coordinately administered 
with heparin. Examples 21-23 disclose binding studies of 



WO 96/20718 



PCT/DS9S/16683 



29 



the PDGF-alpha receptor or PDGP-beta receptor were 
prepared essentially as disclosed in U.S. Patent No. 
5,155,027; U.S. Patent Application Serial No. 07/634 f 5io 
and EP 325,224, which are incorporated herein by reference 
5 in their entirety. in one case mouse myeloma cells were 
transfected with cDNAs for both heavy-chain and light- 
chain/PDGF receptor extracellular domain fusion proteins. 
These cells secrete into their culture media a molecule 
which is analogous to human IgG in that it is composed of 
10 two light-chain and 2 heavy-chain fusion proteins. This 
compound is designated as tetrameric IgG/PDGPr. in 
another case a cDNA for light-chain/PDGF receptor 
extracellular domain fusion protein was transfected into 
the cells alone. These cells secrete monomeric light- 
chain fusion proteins into their culture media, designated 
as monomeric IgG/PDGFr. The alpha- and beta-receptor 
fusion proteins were designated IgG/PDGPr-alpha 
(tetrameric) and IgG/PDGPr-beta (monomeric and 
tetrameric), respectively. The fusion proteins were 
purified by either immunoaff inity purification using anti- 
PDGF receptor monoclonal antibodies, or by protein A— 
Sepharose™ chromatography. 
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Example j 

Preparation of PDGF RecPBfnr M ^ noe i Q n»1 » n tib Q di» g 



Fusion proteins comprising an IgG constant 
region joined to the extracellular domain of either the 
PDGF-alpha receptor (PDGFr-alpha) or the PDGF-beta 
30 receptor (PDGFr-beta) were prepared essentially as 
disclosed in U.S. Patent No. 5,155,027, which is 
incorporated herein by reference in its entirety. The 
alpha and beta receptor fusions were designated IgG /PDGFr- 
alpha and IgG/PDGFr-beta, respectively. The monomeric 
IgG/PDGFr-beta was expressed as a fusion of a human kappa 
light chain constant region and the PDGF-beta receptor 
extracellular domain. The tetrameric IgG/PDGFr-beta was 
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antibodies. Cell fusions were designated by number (e.g., 
162, 163). 



TABLE 1 

5 NS-1 Medium 

For a 500 ml solution: 

5 ml 10 mM MEM non-essential amino acids (gibco BRL, 

Gaithersburg, MD) 
5 ml 100 mM sodium pyruvate (Irvine, Santa Ana, CA) 
10 5 ml 200 mM L-glutamine (GIBCO BRL) 

5 ml loox Penicillin/Streptomycin/Neomycin (GIBCO BRL) 
75 ml inactivated fetal calf serum (BioCell, Carson, CA) 
1 gm NaHC0 3 

Add RPMI 1640 (GIBCO BRL) to a total volume of 
15 500 ml. sterilize by filtration through a 0.22 

lm filter. 

100x HT gfcflSJS 

38.5 mg thymidine 

20 136.10 mg hypoxanthine 

Dissolve the thymidine and hypoxanthine in 
distilled H 2 0 and bring volume up to 100 ml. 
Warm the solution to 60-70°C to dissolve the 
solids. After the solids have dissolved, 

25 readjust the volume to 100 ml. Sterilize by 

filtration through a 0.22 ism filter. store 
frozen at -20°C. 

lOOOx A StnrV 

30 17.6 ng aminopterin 

Add sterile distilled water to the aminopterin 
and bring the volume to 50 ml. Add 1 N NaOH 
drop-wise until the aminopterin dissolves. 
Bring the final volume to 100 ml with distilled 

35 H 2<>- Sterilize by filtration through a 0.22 lm 

filter. Store frozen at -20°c. 
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Table l. continued 
Binding Media 

500 ml Han 1 8 F-12 (GXBCO BRL) 
12 ml 1 M Hepes pH 7.4 
5 5 ml lOOx Penielllin/Streptomycin/Neomycin (GIBCO BRL) 
1 gm rabbit serum albumin (Sigma) 

MitP Media 

For a 500 ml solution: 
10 250 ml DMEM (GIBCO BRL) 

250 ml Ham's F-12 (GIBCO BRL) 

0.25 ml 10 mg/ml stock of insulin (GIBCO BRL) to give a 
final concentration of 5 pg/ml 

1 ml 10 mg/ml stock of transferrin (Collaborative 
15 Research, Bedford, MA) to give a final 

concentration of 20 Mg/ml 

2 ml 4 Mg/ml stock of selenium (Aldrich Chemical, 

Milwaukee, Wl) to give a final concentration of 5 
nM 

20 5 ml io% stock solution of bovine serum albumin (GIBCO 
BRL) to give a final concentration of 0.1%. 



Example 2 

25 Identification and Character* nation of H y bridous 

Producing Antibodies to the PDCF H eta Recepto r 

Hybridomas from cell fusion 162 were tested for 
the production of antibodies to the PDGF-beta receptor. 
30 Assays used for identification of positive hybridomas 
included enzyme linked immunosorbent assays (ELISA) , 
inhibition of ^5^^^^ binding to i gG /PDGFr-beta, and 
inhibition of 125j-PDGF-BB binding to human dermal 
fibroblasts. 

35 Tne ELISA assays were carried out in 96-well 

microtiter plates which had been coated with monomeric 
IgG/PDGFr-beta. To coat the wells, IgG/PDGFr-beta was 



10 



WO 96/20718 , 

PCT/US9S/16683 

35 

The plates were washed with ELISA C buffer, then incubated 
for 1.5 hours with tetrameric IgG/PDGFr-beta, and diluted 
in ELISA B buffer to a final concentration of 25 ng/ml. 
The wells were washed with ELISA c buffer to remove 
> unbound IgG/PDGFr-beta . 

Hybridoma supernatants were pooled in groups of 
two, and 100 nl of the pooled samples was added to each of 
the microtiter wells. The wells were incubated for 1 hour 
at 37°C. To each well was then added 50 jil of 125 Z . PD6F . BB 
(approximately 50,000 cpm per well). After a l hour 
incubation at 37«C the wells were washed three times with 
binding media (Table 1). 100 pi of 0.1M NaCitrate, pH 2.5, 
was added to the wells for 5 minutes at room temperature,' 
the solution was harvested and transfered to 12x75 mm 
15 tubes, and the tubes were counted in a gamma counter to 
determine the level of 125j.pDGp.BB blnding . Antibodies 
which bound to IgG/PDGFr-beta and blocked "Sj.pdgf-bb 
binding were detected by a decrease in the level of 125j_ 
PDGF-BB bound, as compared to culture media alone. 
20 Pools of nedi a that were determined to be 

positive for IgG/PDGPr-beta neutralizing antibody were 
rescreened using an assay format similar to that described 
above to identify the individual wells which contained 
hybridomas producing the neutralizing antibody. 
25 MGdia samples from culture wells that were 

positive either by ELISA or by inhibition of 125j.pDGp.BB 
binding were subsequently assayed in a down-regulation 
assay format (Hart et al., J, Biol , ^ ^ 10780 . 
10785, 1987) for the ability to recognize PDGF-beta 
receptor on human dermal fibroblasts. The binding of 
PDGF-BB to the PDGF-beta receptor at 37«c leads to the 
internalization of the receptors from the cell surface and 
a subsequent decrease in the number of cell-surface 
receptors, a phenomenon refered to as down-regulation. 
The fibroblasts were plated into 96-well culture dishes at 
10,000 cells per well and maintained in culture media for 
1-2 days prior to use. To one set of wells was added 
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assays were carried out in 96-well microtiter plates. The 
plates were initially coated with goat anti-human IgG, 2 
Mg/ml in ELZSA A buffer, for 2 hours at 37°c. The plates 
were washed with ELISA c buffer, then incubated for 11/2 
5 hours at 37°C with ELISA B buffer to block nonspecific 
binding sites. The plates were washed with ELISA c 
buffer, then either used immediately or left for 1-4 days 
at 4°c until use. At the time of the assay the plates were 
washed once with ELISA C buffer, then incubated for 1 1/2 
10 hours at 37°C with tetrameric IgG/PDGFr-beta diluted to 25 
ng/ml in binding medium. The plates were then washed with 
ELISA C buffer to remove unbound IgG/PDGFr-beta. 

Hybridoma supernatants were pooled in groups of 
two wells, and 100 pi of the pooled samples was added to 
15 each of the microtiter wells. The plates were incubated 
for l hour at 37°c, then washed with binding medium. To 
the wells was added horseradish peroxidase-conjugated goat 
anti-mouse IgG (Tago, Burlingame, CA) diluted 1:1000 with 
binding medium. The wells were incubated for 1 hour at 37° 
20 C, then washed with binding medium to remove unbound HHP- 
conjugated goat anti-mouse IgG. 125 I-PDGF-BB, aproximately 
26,000 cpm/well, was then added to the wells for an 
additional 1 hour at 37°C. The wells were washed with 
binding medium, then incubated with reaction buffer for 
25 development of the ELISA. The reaction was stopped by the 
addition of 100 /il/weil of l N H 2 S0 4 , and the plates were 
read in a Dynatech ELISA plate reader using a filter to 
monitor the absorbance at 490 run. 

The contents of the wells were then transfered 
30 to 12x75 mm test tubes, and the samples were counted in a 
gamma counter to measure the level of "Si-pdqf-bb 
binding. 

The above-described assay identified hybridoma 
cultures producing antibody to IgG/PDGFr-beta by ELISA, as 
35 well as by the ability to block the binding of "Sj.pDgp. 
BB to tetrameric IgG/PDGFr-beta. Those pooled samples 
that were positive were subsequently reassayed using the 
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Example 4 

Qiaracterizaton of Anti-PDGF Beta Reeen t or MAbe 162.62 »nH 

MAbs 162.62 and 163.31 (produced from hybridona 
5 clones 162.62 and 163.31, respectively) were compared for 
the ability to block the binding of 125 I-PDGF-BB to either 
tetrameric IgG/PDGFr-beta or to PDGF-beta receptor on 
human dermal fibroblasts. Inhibition of 12 5l-PDGF-BB 
binding to IgG/PDGFr-beta was tested essentially as 
10 described above for the intital screening of fusion 163. 
Instead of adding conditioned culture media, known amounts 
of antibody diluted in NS-l medium were added 
simultaneously with 125 I _p DGF . BB to IgG/PDGFr-beta 
coated wells. NS-l medium alone was used as a negative 
15 control. The addition of PDGF-BB, 500 ng/ml, to NS-l 
medium was used to determine the level of nonspecific 
binding by "5i-pdgf-BB. wells were incubated at 4°C 

for 2 1/2 hours, then washed with PBS. 100 pi of 0.1M 
citrate pH 2.5 was added to each well to remove the bound 
125 I-PDGF-BB, the samples were transferred to 12x75 mm 
tubes, and the tubes were then counted in a gamma counter. 

To assay binding to human dermal fibroblasts, 
the fibroblasts were plated at approximately 20,000 
cells/well in 24-well culture dishes. The cells were used 
25 for assay 2-7 days after plating. The antibodies were 
diluted in binding media to the concentrations shown in 
Table 2, then mixed with 125 I-PDGF-BB, and 0.5 ml aliguots 
were added to duplicate wells of fibroblasts. Binding 
media alone was used as the negative control, and the 
30 addition of 500 ng/ml of PDGF-BB was used to determine 
nonspecific binding for 125 I-PDGF-BB. The cells were 
incubated for 2 1/2 hours at 4°c, then washed with binding 
media to remove unbound ligand. The cells were then 
incubated with extraction buffer, and the extracts were 
35 harvested and counted in a gamma counter. 

The results of the binding studies are shown in 
Table 2. The data are presented as specific cpm bound for 
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10 



washed, incubated with extraction buffer, and the extracts 
were counted in a gamma counter to determine the level of 
125 I-PDGF-BB binding. To determine nonspecific binding, 
500 ng/ml of unlabeled PDGF-BB was added during the first 
incubation step. The results, presented in Table 3, show 
that the addition of MAb 162.62 led to a 47% displacement 
of prebound "Si-pdgf-BB. Thus, MAb 162.62 was able to 
displace receptor-bound PDGF-BB from the surface of human 
dermal fibroblasts. 



Table 3 

Ability Of MAb 162.62 to Dlsplaee BgSgBfcaEzfe a UD d "Sj - 
PDGF-BB From Hunan Dermal Fibrobl 

1st Inc. 2nd Inc. CPM Bound BB Removal 

125 I-BB Binding Media 581 

125 I-BB MAb 162.62 308 47 % 



15 



The subclass for MAbs 162.62 and 163.31 were 
determined by ELISA using IgG/PDGFr-beta coated wells and 
subclass specific secondary antibody. MAb 162.62 was 
found to be an IgG2b isotype while MAb 163.31 was found to 
be an IgGl isotype. 



Example S 

Identification and character! zain pn of Hxrhr-iH^p 

Producing Anti-PDGF Aloha Pecepter A n tibodies 

Hybridomas from cell fusion 169 were tested for 
the production of antibodies to the PDGF-alpha receptor by 
a combination ELISA/PDGF binding competition assay. These 
assays were carried out in 96-well microtiter plates. The 
plates were initially coated with goat anti-human IgG, 2 
(*g/ml in ELISA A buffer, overnight at 4°C. The plates were 
washed with ELISA C buffer, then incubated with ELISA B 
buffer to block nonspecific binding sites. The plates 
were washed with ELISA c buffer, then incubated overnight 
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screened using the combination ELISA/ 125 I-PDGF-AA binding 
competition assay essentially as described above. 

To verify that MAbs 169.14 and 169.31 recognize 
native PDGF- alpha receptor on monolayers of mammalian 
5 cells, the two antibodies were analyzed for the ability to 
block 1 25 I-PDGF-AA binding to alpha T-7 cells. These 
cells are canine kidney epithelial cells that do not 
naturally express PDGF -alpha receptor, but have been 
transfected with a cDHA coding for the full length PDGF— 
10 alpha receptor (U.S. Patent No. 5,37l,205o. 5,371,205; PCT 
Publication WO 90/14425) . These cells express 

approximately 100,000 recombinant receptors per cell. The 
alpha T-7 cells were cultured in 96-well plates to 
approximately 95% confluency. The culture medium was 
15 removed, and dilutions of MAbs 169.14 and 169.31 were 
added to the cells. Controls were NS-1 medium, and NS-1 
medium containing 500 ng/ml of PDGF-BB to determine the 
nonspecific binding component for 125 I-PDGF-AA. To each 
well was added 100 pi of the test sample plus 10 /il of 
20 125 I-PDGF-AA (approximately 22,000 cpm per well). The 
cells were incubated with the samples for 2 hours at 4°C, 
washed with PBS, then extracted with 100 pl/well of 
extraction buffer. The extracts were harvested and 
counted in a gamma counter. The results are shown in 
25 Table 4. These results demonstrate that these two MAbs 
recognize membrane-bound PDGF-alpha receptor in mammalian 
cells in addition to IgG/PDGFr-alpha . 
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express approximately 500,000 human PDGF-beta receptors 
per cell. The Alpha 1-10 cells are BHK 570 cells that 
have been transfected with a cDNA coding for the full 
length human PDGF- alpha receptor (U.S. Patent No. 
5 5,371,205; PCT Publication WO 90/14425). These cells 
express approximately 1,000,000 human PDGF-alpha receptors 
per cell. To demonstrate binding specificity for either 
the PDGF-alpha or beta receptor, cell surface binding 
studies using the anti-PDGF receptor MAbs were done with 
10 these two cell lines.. 

Both, the Clone 8 and Alpha l-io cells were 
cultured in 24-vell plates to confluency. PDGF— BB (200 
ng/ml) was added to one-half of the cells to stimulate 
PDGF receptor down-regulation, and vehicle control (10 mm 
15 acetic acid, 0.25% rabbit serum albumin) was added to the 
other half. The cells were incubated for 1-2 hours at 37° 
C, then washed with PBS chilled to 4°c. Purified MAbs 
162.62, 163.31, 169.14 and 169.31, diluted to 5 ng/ml in 
binding medium, were added to triplicate wells of the 
20 PDGF-BB-treated and nontreated control cells. The cells 
were incubated for approximately 2 hours on ice, then 
washed with chilled PBS to remove unbound antibody. The 
test wells were then incubated on ice for 30 minutes with 
125 I-labeled rabbit anti-mouse igG, diluted in binding 
25 medium to approximately 400,000 cpm/well. The wells were 
washed with PBS, then incubated with extraction buffer. 
The extracts were harvested and counted in a gamma 
counter. The results, shown in Figure l, demonstrated 
that only MAbs 162.62 and 163.31 bound specifically to the 
30 PDGF-beta receptor, as demonstrated by the significant 
decrease in binding to the PDGF-BB treated Clone 8 cells 
when compared to untreated controls. The high level of 
binding by MAb 169.14 was due to an elevated level of 
nonspecific binding by this antibody, because there was no 
35 significant decrease in "Sj-rabbit anti-mouse IgG binding 
to the PDGF— BB treated cells. in contrast, only MAbs 
169.14 and 169.31 showed binding to the PDGF-alpha 
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80% by MAb 162.62, and greater than 92% by MAb 169.14 or 
the antibody pool (Figure 3B) . In contrast, activity of 
PDGF-BB was only minimally inhibited by MAb 169.14, but 
was inhibited approximately 80% by MAb 162.62 and greater 
than 92% by the antibody pool (Figure 3C) . 

These results are consistent with the model of 
PDGF ligand binding which describes that PDGF-AA binds to 
PDGF-alpha/ alpha receptor dimers, PDGF— AB binds to PDGF— 
alpha/alpha and -alpha/beta receptor dimers and PDGF-BB 
binds to all three PDGF receptor dimers; -alpha/alpha, - 
alpha/beta and -beta/beta (reviewed in Hart et al., 
Invest t Derm, 2±i 535-575, 1990) . Thus, if MAb 169.14 
binds to and inhibits PDGF binding to the alpha receptor, 
then it would be expected to inhibit essentially 100% of 
PDGF-AA and AB mitogenic activity, since alpha receptor 
binding is reguired for both of these ligands. This model 
is consistent with the results described above. The 
binding to and the inhibition of the PDGF-beta receptor by 
MAb 162.62 would then be expected to limit the amount of 
PDGF— AB and BB mitogenic to a level that is consistent 
with PDGF-AA, since AB and BB would only be able to bind 
to alpha/alpha dimers. Again, this is consistent with the 
findings of the study descibed above. 

In summary, anti-PDGF-receptor MAbs 162.62 and 
169.14 are able to inhibit the mitogenic activity of the 
three forms of PDGF in manners that are consistent with 
the current hypothesis as to PDGF receptor binding by the 
three PDGF ligands. Additionally, the use of the two 
antibodies in conjunction is able to inhibit essentially 
30 100% of the PDGF mitogenic activity on human dermal 
fibroblasts. 
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were incubated between 2-4 hours at 37°c, washed with PBS, 
then harvested with trypsin and counted for [ 3 H] thymidine 
incorporation in a Betaplate™ liquid scintillation 
counter (Wallac) . As shown in Figure 4, PDGF-AA mitogenic 
5 activity was 100% inhibited by MAb 169.31 as well as by 
the antibody pool, but not by MAb 163.31. PDGF-AB 
mitogenic activity was completely inhibited by both MAbs 
individually as well as by the antibody pool (Figure 5). 
It is interesting to note that the level of [ 3 HJ thymidine 
lo incorporation in the presence of the MAbs was below the 
level obtained with the addition of vehicle control only. 
This was similarly seen with MAb 169.31 on the PDGF-AA 
plate (Figure 4). For the PDGF-BB stimulated cells, MAb 
169.31 and MAb 163.31 gave less than 50% inhibition 
individually, while a pool of the two antibodies was able 
to inhibit approximately 75% of the PDGF mitogenic 
activity (Figure 6). 

To further demonstrate the inhibitory potency of 
these antibodies to neutralize the mitogenic activity of 
PDGF on baboon smooth muscle cells, two anti-PDGF-alpha 
receptor MAbs, 169.14 and 169.31, were analyzed for the 
ability to inhibit PDGF-AA mitogenic activity. BVSMCs 
were plated and treated essentially as described above. 
To one set of wells were added increasing concentrations 
of PDGF-AA in order to generate a standard curve of PDGF- 
AA mitogenic activity (Figure 7A) . The PDGF-AA samples 
ranged from 10 ng/ml down to 0.31 ng/ml. To a second set 
of wells, a standard dilution of PDGF-AA was added to give 
a final concentration of 10 ng/ml. Decreasing 
concentrations of MAbs 169.14 and 169.31 were then added 
to the wells to monitor the inhibitory potency for each of 
the MAbs, as determined by a decrease in the level of 
t 3 H) thymidine incorporation (Figure 7B) . The findings 
demonstrate that even at 8 ng/ml of antibody, there was 
35 greater than 90% inhibition of a lo ng/ml solution of 
PDGF-AA. 
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demonstrate that baboon serum mitogenic activity is 
minimally inhibited by MAb 169.31, but inhibited greater 
than 50% by MAb 163.31. The pool of the two antibodies 
inhibited greater than 75% of the serum mitogenic 
5 activity. 

These results demonstrate that the majority of 
the mitogenic activity in baboon serum towards baboon 
smooth muscle cells can be inhibited through the use of 
anti-PDGF receptor monoclonal antibodies. Studies by the 
10 inventors have shown that the predominant form of PDGF in 
baboon platelets is PDGF-BB. Due to the large percentage 
of PDGF-beta receptors on baboon smooth muscle cells, it 
is consistent that the anti-PDGF-beta receptor MAb would 
have the largest inhibitory activity towards baboon serum. 

15 

Example in 

The Effect Of Circulating MAb 169. on Baboon SSPIfl 

Mitogen ie A^fyltY 

20 A study was performed to monitor the circulating 

levels of MAb 169.31 after the administration of a bolus 
intravenous (i.v.) injection of 25 mg into a baboon. 
Serum was obtained at various intervals following antibody 
injection, and the level of circulating antibody was 

15 determined by ELISA. Sheep anti-mouse IgG was added to 
96-well microtiter dishes in ELISA buffer A at a 
concentration of 2 0g/ml. The plates were incubated 
overnight at 4°C, washed with ELISA C buffer, then 
incubated with ELISA B buffer to block nonspecific binding 

10 sites. The plates were washed with ELISA C buffer, then 
incubated with 100 pl/well of test sample. Baboon plasma 
or serum containing monoclonal antibody 169.31 was diluted 
1:1000 with ELISA B buffer and added to the test wells. 
Standards, consisting of purified MAb 169.31 spiked into 

5 control baboon plasma or serum, were diluted 1:1000, 
similar to the test plasma/ serum samples, then added to 
the test wells. Standards ranged from 100 ng/ml to 1.56 
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MAb 169.31 circulating for at least 18 hours in baboon 
blood retains essentially all of its biological activity 
for inhibiting baboon serum mitogenic activity on baboon 
smooth muscle cells. 

5 

Example 11 

Inhibition Of Cell OUtorovth from Baboo n AotHHo pmlants 

Anti-PDGF receptor monoclonal antibodies were 
10 tested for the ability to decrease the rate of smooth 
muscle cell outmigration from explants of baboon aortic 
tissue. The inner media of the thoracic aorta of baboons 
was dissected out in DMEM culture media containing 10 mM 
Hepes. The aortic tissue was sectioned into 1 mm square 
IS sections, and the explants were placed onto tissue culture 
flasks. After a 10 minute incubation to allow time for 
the explants to adhere to the flasks, culture media, DMEM 
plus 6 fig /ml insulin and 5 /ig/ml transferin, was added to 
the explants, and the samples were incubated at 37°C with 
20 5% C0 2 . A total of 15 explants were set up in each 
culture flask. At various times following the 

establishment of the explants they were examined under a 
high power microscope to count the number of explants that 
had visible cell outgrowth onto the culture dish. 
25 Explants were counted as positive if at least one cell 
migrated from the explant tissue out onto the culture dish 
surface. Explants were followed for at least seven days. 
In experiment #1, the explants were cultured in the DMEM 
culture media supplemented with insulin and transferrin 
30 containing the following test samples: l) Anti-PDGF 
alpha receptor MAb (169.31) at 50 /ig/ml; 2) Anti-PDGF 
beta receptor MAb (163.31) at 50 jig/ml; or 3) DMEM media 
alone (control) . In experiment /2 the explants were 
cultured in DMEM plus insulin and transferrin, and either 
35 l) a pool of anti-PDGF alpha and beta receptor MAbs 
(169.31 and 163.31) at 25 |!g/ml each; or 2) DMEM alone 
(control) 
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Example 12 

inhibition Of PDGF Witoaenlc Activity nn *„ ^ n 
Fibroblasts bv Del avad Addition of A nti-PDfiP R eceP t Br 

Monoclonal Antibody 



Human dermal fibroblasts were plated at 
approximately 20,000 cells per well in 24-well culture 
dishes and grown until quiescent in DMEM containing 2% 
10 fetal calf serum. The cells were stimulated with either 
PDGF-AA, AB or BB. Increasing concentrations of each of 
the PDGF ligands were added to the cells to generate 
standard curves of mitogenic potency for the three PDGF 
isof orms. The final PDGF concentrations used for the 
15 standards were 5, 2.5, 1.25, 0.62, 0.31, 0.15 and o.o 
ng/ml. 50x stock solutions of PDGF were made in 10 mM 
acetic acid containing 0.25% rabbit serum albumin. 25 Ml 
of each of the stock solutions were added to triplicate 
test wells. To look for inhibitory activity by MAbs 
20 162.62. and 169.14, wells containing the fibroblasts were 
incubated with 5 ng/ml of PDGF, final concentration. At 
various time intervals following the addition of the PDGF 
samples (l, 2, 4, 6 and 8 hours), a pooled sample of MAb 
162.62 and MAb 169.14, 25 jig/ml final concentration for 
25 each MAb, was added to triplicate wells of the cells that 
had been treated with 5 ng/ml of PDGF. Nine hours after 
the addition of the PDGF samples, 50 pi of [ 3 H] thymidine, 
20 /ici/ml in DMEM containing 1% fetal calf serum, was 
added to each well. The samples were incubated for an 
30 additional 13-15 hours at 370 C . The cells were washed with 
PBS, then harvested with trypsin and counted in a 
Betaplate™ liquid scintillation counter (Hallac) . 

The results, presented in Table 6, are given as 
mean cpm of [ 3 H] thymidine incorporated +/- standard 
35 deviation, for triplicate determinations. The data are 
given for both the PDGF standard curves, and for the time 
course of antibody addition. The results demonstrate that 
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lafcla 6 

PDGF-AA (ng/ml) MAbs 162.62/169.14 

(PDGF-AA, 5 ng/ml) 
ng/ml cpm +/- (st.dev.) Time In Hrs cpm +/- (at. dev.) 



5.0 


7888 


(768) 


1 


5400 


(870) 


2.5 


7892 


(460) 


2 


4350 


(431) 


1.25 


6044 


(1126) 


4 


5323 


(574) 


0.62 


5569 


(315) 


6 


5300 


(768) 


0.31 


5072 


(224) 


8 


6028 


(276) 


0.15 


4888 


(393) 








0.0 


4804 


(320) 









PDGF-AB (ng/nl) MAbs 162.62/169.14 

(PDGF-AB, 5ng/ml) 



ng/ml 


cpm +/- 


(St.dev) 


Time in Hrs 


cpm +/- 


(St. dev.) 


5.0 


16370 


(409) 


1 


4372 


(443) 


2.5 


16621 


(878) 


2 


4783 


(401) 


1.25 • 


14061 


(1066) 


4 


4363 


(427) 


0.62 


11238 


(238) 


6 


5238 


(611) 


0.31 


9206 


(428) 


8 


5659 


(667) 


0.15 


8061 


(1054) 








0.00 


5253 


(443) 









5 

PDGF-BB (ng/ml) MAbs 162.62/169.14 

(PDGF-BB, 5ng/ml) 



ng/ml 


cpm +/- 


(St.dev) 


Time in Hrs 


cpm +/- 


(St. d 


5.0 


12427 


(1366) 


l 


2811 


(291) 


2.5 


15445 


(977) 


2 


3076 


(169) 


1.25 


13712 


(976) 


4 


4298 


(574) 


0.62 


11989 


(1248) 


6 


5089 


(420) 


0.31 


9482 


(2089) 


8 


7335 


(502) 


0.15 


6905 


(456) 








0.00 


3090 


(272) 
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of the counts. The pool of 169.31 and 162.62 displaced 
44% of the prebound 125 I-PDGF-BB. These results show 
that, in addition to being able to block PDGF binding, the 
anti-PDGF receptor MAbs are also able to displace prebound 
5 PDGF— AA and BB from cell-surface receptors. 



Table 7 

Ability Of Anti-PDGF Receptor MAbs to Displace R«> 71?t ^ r - 
bQttnd_125l-PDGF-AA and 125i.ppsp.BB w,,^ 

Osteosarcoma Cells 



First Inc. Second Inc. CPM Bound % Displacement 



125 I _ PDGF _ AA 


Binding 
Media 


458 


(46) 


0 


n 


169.14 


164 


(91) 


64 


H 


169.31 


174 


(58) 


62 


N 


162 . 62 


415 


(18) 


9 


M 


163.31 


420 


(40) 


8 


M 


169.31/162.62 


116 


(24) 


75 


125 I-PDGF-BB 


Binding 
Media 


528 


(41) 


0 


N 


169.14 


411 


(87) 


22 


tl 


169.31 


395 


(30) 


25 


n 


162.62 


349 


(48) 


34 




163.31 


518 


(129) 


2 


N 


169.31/162.62 


289 


(58) 


44 



Example 1A 

15 Inhibition of Baboon serum and pdgf-bb st imulated .^onth 
Muscle Cell Mitooenesls Bv Anti-PDGFr M A bs AppH»<* 
Independently or coordinated with He pa ^ n 

Anti-PDGFr-alpha MAb 169.31 and anti-PDGFr-beta 
20 MAb 163.31 were analyzed independently, and in coordinate 
administration assays with heparin, to determine the 
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adding 50 jxl of the stock solutions to appropriate wells 
to give final PDGF-BB concentrations on the cells of 2, l 
and 0.5 ng/ml. 

After addition of the treatments, the cells were 
5 incubated for 20 hours at 37 »C. Mitogenic stimulation of 
BVSMCs was assessed by measuring the uptake of 
[ 3 H] thymidine. 50 pi of a 20 /*Ci/ml [ 3 H]thymidine stock 
solution, made up in DMEM, was added directly to the cells 
for a final concentration of l pd/ well. The cells were 
10 incubated for 4 hours at 37°C, washed once with PBS, 
treated with 0.25 ml of trypsin until cells detached, and 
harvested onto a filter using a cell harvester (LKB 
Wallac) . The filters were counted using a Betaplate™ 
liquid scintillation counter (Wallac) . 
15 T* 1 ® data for antibody and antibody /heparin 

inhibition of PDGF-BB stimulation are shown in Table 8. 
Data in Table 8 are presented as mean counts per minute 
(cpm) of [ H] thymidine incorporated by baboon smooth 
muscle cells stimulated with PDGF-BB. Values of percent 
20 inhibition were determined directly from the measured 
decrease in incorporation of [ 3 H J thymidine. A dose- 
response table of PDGF-BB mitogenic activity is included 
in Table 8. in Experiment #1, the addition of antibody 
169.31 to cells stimulated with PDGF-BB caused a marked 
25 inhibition in [ 3 H] thymidine incorporation at antibody 
doses of l and 0.1 ag/ml. T he administration of heparin 
to the cells coordinately with antibody 169.31 resulted in 
a^ combinatorially effective antimitogenic result, i.e. 
[ H] thymidine incorporation was inhibited to a greater 
30 extent than was measured for either the antibody or 
heparin administered alone. Analysis of antibody 163.31, 
Experiment #1, showed that a dose of 25 ng/ml was also 
able to inhibit [ 3 H] thymidine incorporation, but at a much 
lower level than observed for antibody 169.31. When 
35 heparin was added along with antibody 163.31, a 
combinatorially effective inhibition was also observed, 
but this effect was only seen at higher antibody 
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Inhibition of PDGF-BB Mitoaenic Activity Bv Anti-PDCFr 
MAbs Administered Independently or Coord Inafco lv with 

5 Heparin 

EXPERIMENT 1 

MM? (tfq/al) r3H7Thvmidine Inco rporation 

163.31 169.31 (-) Heparin % Inhib. (+) Heparin % Inhib. 



10 



0 


0 


4,714 


0% 


2,543 


46% 


0 


1 


2,271 


52% 






0 


0.1 


2,637 


44% 


1,582 


66% 


0 


0.01 


4,078 


13% 


1,983 


58% 


0 


0.001 


4,486 


05% 


2,311 


51% 


25 


0 


3,969 


16% 


1,844 


61% 


5 


0 


4,460 


05% 


2,484 


47% 


1 


0 


4,268 


09% 


2,559 


46% 


0.2 


0 


4,504 


04% 


2,671 


*m •> *o 


25 


1 


1,015 


78% 






5 


1 


1,859 


61% 






1 


1 


2,007 


57% 






1 


0.2 


1,979 


58% 






1 


0.04 


2,090 


56% 






0 


0 


4,414 


06% 












PPGf-BB Pgge-Re^ponge 






PDGF-BB 










fnq/ml) 




CPM 






2.0 




4,714 






1. 


0 




2,313 






0. 


5 




1,588 






0. 


0 




161 
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observed vas no greater than the inhibitory activity 
exhibited by heparin alone. In contrast, the assays 
involving monoclonal antibody 163.31 showed significant 
inhibition of [ 3 H] thymidine incorporation at an antibody 
5 concentration of 25 fig /ml. Moreover, when heparin was 
administered coordinate ly with antibody 163.31, there was 
a marked combinatorially effective inhibition of mitogenic 
activity as measured by [ 3 H] thymidine incorporation, i.e. 
well above the antimitogenic effects observed for either 
10 the antibody or heparin alone. This combinatorially 
effective inhibition was particularly pronounced at MAb 
163.31 concentrations between 0.2 jig/ml and 5 pg/ml. 

Coordinate administration of 1 ng/ml of antibody 
169.31 with increasing doses of antibody 163.31 showed a 
15 dose-dependent inhibition of [ 3 H] thymidine incorporation. 
The coordinate administration of antibody 169.31 with 
antibody 163.31 also resulted in a pronounced 
combinatorially effective inhibition of serum mitogenic 
activity as shown in Table 9. 
20 Data in Table 9 are presented as mean counts per 

minute (cpm) of [ 3 H] thymidine incorporated by baboon 
smooth muscle cells stimulated with 1.25 * baboon serum. 
Values of percent inhibition were calculated from a 
standard curve generated using the serum dose-response 
25 data presented. 



r»ir%n/VMn. -Iftirt 
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Example 15 

Inhibition cf Serum MitfiflSllig Activity on BafcgfiD VaseuUr 
SagQth MUSCle Cells Bv Heparin Administ ered Alnnp » r 
COOrdinatel V Administered With Anti- PDCPr- MAft ? 

5 

Both unfractionated heparin (UH) (Sigma, St. 
Louis, MO) and low molecular weight heparin (LMWH) 
(Logiparin», Novo Nordisk, Bagsvaerd, Denmark) were 
evaluated for their ability to inhibit the mitogenic 
10 activity of baoon serum on baboon vascular smooth muscle 
cells. Each form of heparin was administered to the cells 
independently or coordinately with anti-PDGPr MAbs. The 
LMWH used for these studies was generated by heparinase 
treatment of an unfractionated heparin, and is composed of 
15 heparin species with an average molecular weight of 5,500 
daltons. The LMWH has a decreased antithrombotic activity 
compared to unfractionated heparin in an APTT assay, 
estimated at about 50 Units/mg. 

To assess the ant i -mitogenic activity of the two 
20 heparin preparations, with and without coordinately 
administered anti-PDGFr antibodies, BVSMCs from aortic 
explants (designated B054 cells) were plated into 24-well 
tissue culture dishes at 2.5 x 10 4 cells per well in DMEM 
(GIBCO BRL) supplemented with 10% fetal bovine serum. The 
25 cells were maintained in this media for three days at 37 «c 
in a 5% CO2 atmosphere. The media was then replaced with 
1 ml/well of Mito Media, and the cells were cultured in 
this media for an additional 24 hours. 

Baboon serum was added to the test wells at a 
30 final concentration of 2.5%. This was done by diluting 
the serum 1:1 with PBS and adding 50 til of the diluted 
serum to each well. To analyze heparin preparations for 
their inhibition of baboon serum-stimulated DNA synthesis 
in baboon smooth muscle cells, the heparin was added to 
35 the cells either independently or coordinately with the 
two anti-PDGFr monoclonal antibodies. The heparin samples 
were diluted with PBS to give a 400 #tg/ml concentrate, 
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10 



Antibody 
Treatment 



Table 10 
(-) Heparin (+)DH 



(+)LMWH 



Control 

(% Inhibition) 
Anti-PDGFR 

(% Inhibition) 



36,032 +/• 
4,512 

27,005 +/- 

2,227 

(25%) 



34,912 +/' 

5,617 

(3%) 

12,377 +/- 

3,785 

(66%) 



34,140 +/• 

2,667 

(5%) 

19,967 +/" 

974 

(45%) 



Data are presented as mean +/- standard deviation for 
counts per minute (CPM) of [ 3 H) thymidine incorporated by 
baboon smooth muscle cells stimulated with 2.5% baboon 
serum. Percent inhibition of cpm incorporated from 
control value, in the absence of both added heparin and 
anti-PDGFR antibody, is presented in parentheses. Values 
of percent inhibition were determined directly from the 
measured decrease in incorporation of f 3 H3 thymidine , 
rather than by comparison to a dose-response curve for 
serum stimulation. 



15 



Example ifi 

Pogg-Regponne of Inhibition of SfiPffl Mitot i c Activity o n 

Baboon Vascular Smooth Muscle g»n s Bv AnH- PDCPr Mthc 
20 COgrdinatelv APPlied With nnfr ac ti ona tP^ H eDa r<n ^ r 

Molecular Wp<«^ H*P»r1n 

A dose-response assay of anti-PDGFr beta 
monoclonal antibody 163.31, in the presence of a constant 
25 amount of anti-PDGFr alpha antibody 169.31 (l /ig/ml) , was 
performed to evaluate concentration dependence of anti- 
PDGFr MAb inhibition of DNA synthesis in BVSMCs stimulated 
by baboon serum. This dose-response was evaluated in the 
absence of any added heparin, as well as in the presence 
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wells receiving the 25 and 10 M g/ml doses of monoclonal 
antibody 163.31. However, in the presence of either UH or 
LMWH, all concentrations of monoclonal antibody 163.31 
tested (in the presence of a constant amount of MAb 

5 169.31) provided significant combinatorially effective 
inhibition, with essentially identical results obtained 
for the two heparin preparations. in the presence of 
heparin, the 1.25 ng/ml dose of 163.31 was more effective 
at inhibiting DNA synthesis than the 25 /*g/ml dose of 

0 163.31 in the absence of heparin. The presence of either 
OH or LMWH administered independent of any antibody had 
only a minimal effect on the mitogenic activity of serum 



Table ai 

15 CPM ± Std.Dev. 



163.31 169.31 (-) Heparin f+) UH (+) LMWH 

0 0 31,002 ± 2,655 27,175 ± 1,518 27,573 ± 947 

(12%) (11«) 

23,424 ± 371 11,811 ± 365 13,095 ± 409 

(24%) ( 62 %) (58%) 

23,901 ±4,138 12,317 ± 2,034 11,829 ± 1,451 

(23%) (60%) (62 %) 

29,366 ±1,652 18,449 ± 1,802 18,832 ± 1,530 

(5%) (40%) (39%) 

27,192 ± 2,351 16,249 ± 4,075 16,720 ± 2,674 

(12%) (48%) (46%) 

29,032 ± 1,012 19,663 ± 1,455 21,664 ± 1,485 

(6%) (37%) (31%) 



25 1 

10 1 

5 1 

2.5 1 

1.25 1 
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(see Example 18) and 10 ng/ml of heparin. The results, 
presented in Table 12, demonstrate that both the parent 
murine MAb 169.31 and the mouse/human chimeric anti-PDGFr- 
alpha antibody have similar inhibitory potency in the 
5 presence of either the parent murine anti-PDGFr-beta MAb 
163.31 or the mouse/human chimeric anti-PDGFr-beta 
antibody. 



TABLE 12 

Antimitoaenic Activities of Parent Murine and M o use /Human 
Chimeric Anti-PDGFr-AlPha Antipode s Cqot-H inaf p1 y 
Administered With Henar^n 





Anti-PDGFr 


Anti-PDGFr 






Serum 


alpha 


beta (10 






(2%) 


(M<3T/ml) 


M9/ml) 


Heparin 


CPM ± S.D. 


+ 


Buffer 


Buffer 


No 


7,242 ± 329 




Buffer 


Buffer 


No 


71 ± 6 


+ 


169.31 (1.0) 


163.31 


Yes 


2,278 ± 321 


+ 


169.31 (0.1) 


163.31 


Yes 


3,225 ± 366 


+ 


Ch 169 (1.0) 


163.31 


Yes 


2,879 ± 620 


+ 


Ch 169 (0.1) 


163.31 


Yes 


3,279 ± 985 


+ 


169.31 (1.0) 


Ch 163 


Yes 


2,715 ± 170 


+ 


Ch 169 (1.0) 


Ch 163 


Yes 


2,600 ± 575 



Data are presented as counts per minute (cpm) ± standard 
deviation of [ 3 H] thymidine incorporated by baboon SMCs 
following stimulation with 2* baboon serum. ch 169 - 
Mouse/human chimeric anti-PDGFr-alpha antibody, Ch 163 = 
Mouse/human chimeric anti-PDGFr-beta antibody. 
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antibodies were analyzed in independent administration 
assays and in coordinate administration assays using the 
antibody and heparin. The antibodies and heparin were 
added to appropriate test wells at 25 fil per well of a 40 
5 X stock diluted in PBS. The antibody concentrations used 
are indicated in Table 13. 

After administration of the test samples, the 
cells were incubated for 18 hours at 37 »c. Mitogenic 
activity was assessed by uptake of [ 3 H] thymidine. 
10 The results of the anti-PDGFr-beta MAb dose- 

response experiment, presented in Table 13, demonstrate 
that baboon serum-induced mitogenic activity was inhibited 
approximately 80% by a combination of 25 ng/nl 163.31, i 
Mg/ml 169.31 and 2 Units/ml heparin. Similar results were 
15 obtained using the chimeric anti-PDGPr-beta MAb. 
Coordinate administration of each of the murine and 
chimeric anti-PDGFr-beta MAb, at 25 /ig/ml, with the anti- 
PDGPr-alpha MAb 169.31, resulted in approximately 30% 
inhibition of baboon serum mitogenic activity. The anti- 
20 PDGFr-beta MAbs coordinately administered with heparin 
produced roughly 40% inhibition. Each of the 

antimitogenic agents, when administered independently, 
resulted in less than 30% inhibition of baboon serum 
mitogenic activity. 
25 These results demonstrate that the mouse/human 

chimeric anti-PDGFr-beta antibody has similar inhibitory 
activity as that of the parent murine anti-PDGFr-beta 
antibody MAb 163.31. This activity provides a 

combinatorially effective inhibition of serum mitogenic 
30 activity on BVSMCs when the chimeric anti-PDGFr-beta 
antibody is administered coordinately with either the 
anti-PDGFr-alpha MAb 169.31, heparin, or a combination of 
anti-PDGFr-alpha MAb and heparin. 
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Table 13. jmjfffl 

6-25 1 2,892 ± 382 

(65%) 

25 1 5,164 ± 519 1,973 ± 374 

(37%) (77%) 

Data are presented as the counts per minute (cpm) ± 
standard deviation of [ 3 H] thymidine incorporated by baboon 
5 SMCs following stimulation with 2% baboon serum. Values 
of percent inhibition for both the parent and chimeric 
antibody studies were determined by comparing the cpm 
incorporated of [ 3 H] thymidine to a standard curve 
generated from the serum dose-response data presented 
10 below. 

scrum BaafizBsspgngfi 



(%NBS) (CPM+/-S.D.) 

0 89 ± 0 
0.125 444 ± 89 
0.25 978 ± 62 
0.5 2,190 ± 46 

1 4,655 ± 248 

2 7,768 ± 585 



Example 13 

15 PwResppngive Inhibition of Serum Mifeftqenio &c£iylty ^ n 
Baboon Vascular- Smooth MHgSlS Cells by Heparin 
Admin i stered Independently or coordinai- elv with Anti-PDGFr 

Antibodies 

20 Baboon smooth muscle cells (B054) were plated at 

a density of 2 x 10 4 cells/well in 24-well culture plates 
and grown for approximately 72 hours in DMEM containing 
10% fetal calf serum at 37 The cells were then made 
quiescent by incubating them for 24 hours in Mito Media. 

25 The ability of heparin alone to inhibit mitogenic 
stimulation by 2% baboon serum was tested by adding a 
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Tabic 14 

PPgg-RggPgngive Inhibition of SSPa Witoamle a c tivity hy 

Heparin Administered Independently or Coord l natelv w*fr n 
Anti-PDCFr Antibody 



UH (U/ml) 



Std.Dev. 



(+) MAb 163.31 (10 fig/ml) 
(+\ MAb 169.31 M mo/i^I 



0 


4,694 


586 


3,532 


276 


0.06 


5,816 


495 


2,662 


377 


0.18 


4,653 


368 


2,030 


246 


0.55 


4,900 


527 


1,133 


157 


1.67 


4,473 


405 


714 


56 


5 


4,451 


357 


526 


43 


15 


3,628 


255 


369 


16 


LMWH 










(U/ml) 

ft 


cpm 


Std.Dev. 




Std.Dev. 



0.06 
0.18 
0.55 
1.67 
5 

15 



5,169 
4,535 
4,210 
4,207 
3,642 
3,457 



438 

728 

392 

2422 

734 

369 



2,355 

1,038 

1,151 

641 

678 

380 



301 
124 
60 
9 
52 
35 



10 Example 9ti 

inhib i t i on Pf Pfflgoth MWfffflft Cell Outmi oration frnn, p a ^ rr n 
Aortic ExplantS bv Coordinate Administr^f 4 o n of Ani-i-pp r: Fr 

MAbs and Heparin 

15 Anti-PDGFr monoclonal antibodies were further 

tested in the presence or absence of heparin for their 
ability to decrease rates of baboon vascular smooth muscle 
cell outmigration from explants of baboon aortic tissue. 
Baboon aortic explants were set up essentially as 

20 described in Example 11. The explants were cultured in 
DMEM supplemented with insulin and transferin and 
containing the following test samples: l) Anti-PDGFr- 
alpha MAb (169.31) and anti-PDGPr-beta MAb (163.31), each 
antibody at 25 /ig/nl, 2) Unfractionated heparin (Sigma 
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10 



20 



25 



in 24-well culture plates and grown for approximately 48 
hours at 37«C in DMEH containing 10% fetal calf serum. 
The cells were incubated for 24 hours in Mito Media to 
become quiescent, then washed once with 4«c binding media 
(DMEH/Rams F-12, 25mM Hepes, 0.1%BSA). The binding 
activity of MAb 163.31 on PDGF-beta receptors was analyzed 
in the presence of heparin by adding four-fold dilutions 
of 125 I-labeled MAb 163.31 ( 125 l-i63.31) in 4*C binding 
media (ranging from 2.1 x 10 6 to 1 x 10 3 cpm/ml) and 10 
Mg/ml heparin (Elkins-Sinn, Inc.) to the appropriate wells 
in triplicate in 1 ml aliquots. On a separate plate, the 
same dilution series of 125 I-163.31 was added without 
heparin. To determine the level of nonspecific binding by 
1-163.31, a set of triplicate wells was set up on each 
15 plate containing 5.5 x 10 5 cpm/well of the 125 l-i63.3i 
plus 25 Mg/al unlabeled 163.31. The plates were kept on 
ice while samples were being added, then incubated for 1.5 
hour at 4«c on a rotary shaker. After washing 3x with 
PBS, the cells were incubated with an extraction buffer 
(PBS, 1% NP-40), and the extracts were harvested to 12 x 
75 mm tubes and counted in a gamma counter. The results 
of the binding studies, presented in Table 16, demonstrate 
that the coordinate addition of heparin and antibody had 
no significant effect on antibody binding. Thus, the 
combinatorial effectiveness of coordinately administering 
heparin with the anti-PDGFr-beta antibodies, shown in the 
above examples, does not appear to be attributable to any 
stimulation by heparin of binding of the antibody to cell- 
surface PDGF-beta receptors. 



30 
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each plate also contained 2.0 x 10 5 cpm/well of 125 I-PDGF- 
BB in addition to 1 pg/ml unlabeled PDGF-BB to determine 
the level of nonspecific binding by 125 I-PDGP-BB. The 
plates were kept on ice while samples were being added, 
5 and then incubated for 1.5 hour at 4°C on a rotary shaker. 
After washing 3x with PBS, the cells were incubated with 
an extraction buffer, and . the extracts were harvested to 
12 x 75 nun tubes and counted in a gamma counter. 

The results, presented in Table 17, demonstrate 

10 that the presence of heparin had no significant effect on 

125.-- 

I -PDGF-BB binding. Thus, the combinatorial 

effectiveness of coordinately administering heparin with 
the anti-PDGFr antibodies, shown in the above examples, 
does not appear to be attributable to any inhibition by 
15 heparin of the binding of PDGF-BB to cell-surface PDGF 
receptors. 

Table 17 

Saturation Binding Analysis of PncP-BB on Bah o on Vascular- 
20 SBOOth MHSCle Cells in the Presence and Absence of Heparin 

Mean Specific emu +/- sM.rv»v, 

125j pDGF-BB 

(applied cpm) (+) Heparin (-) Heparin 

200,000 1,674.0 +/- 15.7 1,800.0 +/" 112.0 

100,000 1,428.5 +/- 61.0 1,572.0 +/~ 80.6 

50,000 1,327.0 +/" 91-3 1,438.5 +/- 41.2 

25,000 1,005.4 +/" 63.7 1,107.8 +/" 58.2 
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Table 18 

inhibition of ^i-pdgf-bb binding to saaaih M uscle e«n« 

BY MAP 163.31 in the Presence and Absence of Heparin 





ipercent 


of control! 


MAb 163.31 


(+) Heparin 


(-) Heparin 


24 fig /ml 


888.0 ± 162.6 


715.0 ±70.0 




(39.5%) 


(36.6%) 


8 Mg/ml 


911.0 ± 291.3 


944.0 ± 89.1 




(40.5%) 


(48.3%) 


2.7 fig /ml 


1,176.0 ± 107.5 


1,021.0 ± 27.0 




(52.3%) 


(52.2%) 


0.9 ng /ml 


1,221.0 ± 192.9 


1,136.0 ± 29.8 




(54.3%) 


(58.1%) 


0.3 fig /ml 


1,549.0 ± 173.5 


1,354.0 ± 46.4 




(68.9%) 


(69.3%) 


0.1 fig /ml 


1,682.0 ± 104.7 


1,687.0 ± 6.0 




(74.8%) 


(86.3%) 


0.033 fig /ml 


2,174.0 ± 236.1 


1,726.0 ± 92.4 




(96.7%) 


(88.3%) 


0.0 fig /ml 


2,248.0 ± 110.3 


1,955.0 ± 24.0 




(100.0%) 


(100.0%) 



10 Example 24 

Continuous Tntravenous Infusion P f mapb 1 ^ 9.31 and is^.^ 
i nto BttPOOnB and Analysis of Gaboon An* J - Murine Ttifl 

Response 

15 11118 study was designed to monitor circulating 

levels of the murine anti-PDGPr antibodies following 
continuous infusion by either intravenous or 
intraperitoneal routes. A pool of anti-PDGFr MAbs 163.31 
and 169.31 was made with the two antibodies at approximate 

20 concentrations of 36 and 22 mg/ml, respectively. The 
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hours. The veils were washed with ELXSA c buffer, then 
incubated with Reaction Buffer for approximately l minute. 
The reaction was stopped by the addition of IN H 2 S0 4 , and 
the plates were read in an ELXSA microtiter plate reader 
5 at 492 run. Using the values obtained from the purified 
antibody samples, a standard curve was generated for each 
antibody, and the concentrations of the antibodies in the 
baboon plasma samples were determined from these curves. 

The results, presented in Table 19, demonstrate 

10 that there was a peak in the circulating antibody levels 
at l day following pump placement in the i.v. infused 
animal, while the peak antibody levels were found at day 7 
in the intraperitoneal infused animals. At days 14, 21 
and 28 the circulating antibody levels were less than 1% 

15 of the peak levels measured at the earlier time points. 



20 



Table 19 

C i rcu l ating LfiyfiJLfi Ol Anti^PDCPi- Antony Following 



Day 


Animal 


A TIP) 


BSJBHmg 
Animal B tTV\ 


Animal a 


IIV) 


KAbl63 


MAb 169 


MAbl63 


MAbl69 MAbl63 


MAbl69 


1 


1000 


1600 


340 


600 


8000 


6400 


7 


9000 


7000 


4000 


3200 


2500 


200 


14 


14 


64 


5 


6 


8 


40 


21 


8 


50 


5 


8 


4 


18 


28 


7 


40 


1 


2 


3 


14 



25 



Data are presented as ng/ml of circulating levels of the 
anti-PDGFr MAbs in baboon plasma at various times 
following the initiation of antibody infusion. IP: 
Intraperitoneal infusion, IV: Intravenous infusion. 



Studies to measure potential baboon antibody 
30 generated against the infused murine antibodies were 
performed using ELISA. The results suggested that the low 
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vacutainer tubes at 0, 0.083, 0.25, 0.5, l, 2, 4, 8, 12, 
24, 72, 120, 168, 240, 336, 504, and 672 hours. Blood was 
spun, plasma was decanted, and radioactivity was 
determined in a gamma counter (80% efficiency). Antibody 
5 concentrations in the plasma were determined by comparing 
the counts in the blood to the initial specific activity 
of the radiolabeled antibody, talcing into account the 
decay rate for "Sj. Analysis of the antibody 

concentrations in the plasma samples showed the half-life 
10 of the antibody to be approximately 50 hours. 



Example 26 

Development Of a Sequential Arterial Tn- W rv Mod«o i n 
BflbPPng for TretilW Antlhvperplasttc AoentB » nd Tr ea *m,>„ r f5 
15 Following Vascular- T n i MrY 

A model of sequential arterial injury was 
developed in the baboon to allow testing of the anti-PDGFr 
antibodies for their ability to inhibit experimentally 
20 induced intimal hyperplasia in primates. This model was 
designed to allow each animal to act as its own control by 
utilizing bilaterial arterial injuries introduced at 28 
day intervals. 

Baboons weighing approximately 10 kg each were 
25 used in this study. The initial surgical procedure 
closely resembled the vascular reconstructive procedure of 
balloon angioplasty used in clinical applications for 
treatment of human atherosclerosis. For each animal, an 
initial balloon denudation pull-back injury was made to 
30 the saphenous artery. On day 28 the animals underwent a 
second surgical procedure whereby the initially injured 
artery was excised, and the excised artery was per fusion- 
fixed ex vivo under 100 mm Hg pressure for l hour with a 
10% formalin solution. Following excision of the first 
35 artery, the contralateral saphenous artery received a 
ballon denudation injury. Following the second 28-day 
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Table 2Q 

AnalVBig Qf Intimal T-ealon npvelopmpnf Following 
Sequential Balloon Denude on ArteHu l Tn4i ir l fff | n tnt 

Intimal Area Medial Area 

Animal Side (m^l (mm^) i/m Ratio 

26 R 0.1256 1.085 0.1151 

26 L 0.0543 0.547 0.0995 

28 R 0.1877 1.269 0.1493 

28 L 0.1125 0.826 0.1344 



Example a? 

Eva l uat i on of Ant1-PDCF Recentor Antlh p dv/feMr^ The^ PY 
tO Inhibit Intinal HvperalaaJ* in Brigade s 



Baboons weighing from 6 to 10 kg each were used 
to study the efficacy of anti-PDGFr MAbs and heparin. An 
initial balloon denudation pull-back injury was made to 
one saphenous artery of each animal using a 2F embolectomy 
catheter (Fogarty) . At the time of injury femoral vein 
catheters and sub-cutaneous (SQ) osmotic pumps (Alzet) 
were inserted (twenty-eight day pumps, two pumps per 
20 animal). The pumps delivered a combined rate of 5 ^I/hour 
into the femoral vein. During the first 28-day control 
period the pumps were loaded with placebo saline solution. 
During the 28-day period following the balloon injury, the 
animals received i.v. injections of placebo buffer on 
25 study days 1, 4, 8, 15, and 22. 

On study day 29 a second surgical procedure was 
performed whereby the previously injured artery was 
excised and perfusion-f ixed under 100 mm Hg pressure for l 
hour with a 10% formalin solution. The arteries were then 
30 divided into 10 sections of approximately 0.5 cm in 
length. Each tissue piece was embedded in paraffin, and 
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0.05* Tween-20 to eliminate non-specific binding. 
Dilutions of baboon serum, made in the same buffer, were 
added to the wells along With a dilution series of 
purified chimeric antibody diluted in control baboon 
5 serum. The plates were incubated at 37»C, then washed to 
remove unbound antibody. Goat anti-human IgG 4 antibody 
conjugated to horseradish peroxidase (Zymed, So. San 
Francisco, CA) was then added to the wells for one hour at 
37 «c. The wells were washed with PBS containing 0.05* 
10 Tween-20, then incubated with OPD substrate solution. The 
reaction was stopped by the addition of in H 2 S0 4 , and the 
plates were read in a Dynatech ELISA plate reader at 490 
nm. Circulating antibody levels were determined by 
comparison of data points to a standard curve. Heparin 
15 levels were determined as described above. In addition, 
animals were monitored for any baboon antibody response 
directed towards the chimeric antibody by ELISA using a 
goat anti-monkey ig G conjugated with horseradish 
peroxidase (Cappel, Durham, NC) . 

Following the second 28-day period, the second 
injured artery was excised and perfusion- fixed ex vivo in 
a similar manner as the first artery. 

A total of 15 animals were enrolled in the 
study. Preliminary studies, disclosed above, using the 
25 sequential injury model demonstrated that there was low 
variability between the arteries injured 28 days apart. 
Analysis of preliminary studies suggested that an n = 15 
would be required to observe a 50% decrease in lesion 
development with a 95% confidence limit. The animals were 
30 divided into three groups of five for ease of surgical 
treatment. The side of the first procedure for each 
animal was randomized to eliminate any side-to-side 
variation. 

Tissue sections were obtained from multiple 
35 blocks for each test artery as described above, and 
absolute intimal and medial areas were determined for each 
tissue section. The data for the multiple sections for 
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Although the foregoing invention has been 
described in some detail by way of illustration and 
example for purposes of clarity of understanding, it will 
be evident that certain changes and modifications may be 
practiced within the scope of the appended claims. 
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8. Use according to claim 7, wherein said antibody 
is a monoclonal anti-PDGF receptor antibody. 

9. Use according to claim 7, wherein said antibody 
is an anti-PDGF-alpha receptor antibody. 

10. Use according to claim 7, wherein said antibody 
is an anti-PDGF-beta receptor antibody. 

11. Use according to claim 7, wherein said antibody 
is a humanized antibody. 

12. Use according to claim 7, wherein said antibody 
is a single chain antibody. 

13. Use according to claim 7, wherein said antibody 
is a chimeric antibody. 

14. Use according to claim 13, wherein said 
antibody is a human-mouse chimeric antibody. 

15. Use according to claim 14, wherein said 
chimeric antibody comprises mouse variable domains operably 
linked to human constant . domains. 

16. Products containing heparin and a PDGF 
antagonist as a combined preparation for simultaneous, 
separate or sequential use for the treatment of vascular 
hyperproliferative diseases. 

17. Products according to claim 16, wherein said 
PDGF antagonist is a non-peptidic PDGF antagonist. 

18. Products according to claim 16, wherein said 
PDGF antagonist is an anti-PDGF receptor antibody. 
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